Radiotherapy (RT) remains a kind of front-line treatment for the control of tumor growth, especially for brain cancer. It is well known that cognitive impairment is mainly caused by cerebral RT, but the mechanisms underlying radiation-induced cognitive impairment remain unclear. There are different views on the cognitive dysfunction caused by RT in different studies. The recently research evidences about this topic are reviewed in present work. We found a few of factors including brain injury directly caused by radiation, cerebral tissue ischemia and necrosis caused by cerebrovascular injury, oxidative stress and brain injury mediated by inflammation, etc. which play a crucial role in the cognitive dysfunction caused by radiotherapy. These have all been widely recognized, and recently evidences have also shown that potential therapeutic interventions can effectively prevent cognitive impairment.
Journal of Cancer Therapy years after irradiation). It is well-established that Single whole-brain irradiation with large-scale doses (2 -10 Gy) led to steep increases of apoptosis in the hippocampal DG within three to six hours after irradiation [12] , because the hippocampus is an important brain area which is critical for the acquisition (learning), consolidation, and retrieval of declarative memories [13] . Studies have shown that radiation can cause a significant reduction in hippocampal volume [14] . Radiation-induced injuries to the hippocampus play an important role in compromising neurocognitive functioning for patients with brain tumors [15] .
Numerous research evidences have shown that hippocampus injury is involved in cognitive impairment from RT [16] . The study evidences using radiation-induced learning and memory deficit in animal models have shown that RT can directly lead to apoptosis of hippocampal cells and further decrease hippocampal based cognitive function [17] [18] . In addition, some other studies have also shown that neurogenesis plays an important role in the pathogenesis of cognitive dysfunction after irradiation [19] .
Although hippocampal injury is considered as one of the important causes of cognitive dysfunction caused by RT, some studies have found that non-hippocampal injury also can cause cognitive dysfunction, which may be related to acute and chronic vascular changes [20] . Recently results suggest that the brain white matter damage may not be a direct result of radiation but the more complicated interaction between fractionation, dose per fraction and ability of the tissue type to repair based on blood vessel density [21] . Accumulating evidence suggests that the capillary density will also be sparse when the dose of ionizing radiation is enough, and this may result in different degrees of cognitive impairment [22] . Cerebrovascular injury is one of the important mechanisms of radiation-related cognitive dysfunction.
Some other studies have shown that cognitive impairment caused by radiation may be related to microenvironmental factors such as oxidative stress and inflammation [6] [23]. As it is well-known that oxidative stress can result in the creation of reactive oxygen species (ROS) inside injured cells at a rate that overcomes cell repairing capability [24] , which can lead to different level of brain damage. Radiation injury in the central nervous system (CNS) has also been linked to persistent microglial activation [25] . Neuroinflammation can activate microglia [22] , cause brain white matter degeneration, necrosis and cerebrovascular injury, and cause all kinds of cognitive dysfunction [5] . Therefore, oxidative stress and inflammatory may be response for important mechanisms of radioactive brain injury.
To sum up, we found that the genesis of radiation induced cognitive decline is complex with multiple interacting and synergistic mechanisms [7] . A large number of studies have found that radiation-induced late side effects, including cognitive impairment, are hypothesized to occur due to dynamic interactions between multiple cell types within the brain, including astrocytes, endothelial cells, microglia, neurons and oligodendrocytes [8] [26] . Other studies have shown that change in dendritic cells in neurons is also a factor in radioactive brain injury [27] . Therefore, previous evidences indicated that there are multiple factors on the radiation-induced cognitive impairment. All kinds of factors including sustained changes in hippocampal neurogenesis, loss of neuronal structure and synaptic plasticity, white matter damage, BBB damage, and reduced capillary density are associated with radiation-induced cognitive impairment [6] . Furthermore, recently there are also considerable evidence points to the depletion of neural stem and progenitor cells as one of the contributory mechanisms underlying radiation-induced cognitive dysfunction [28] . Studies have shown that oral administration of a pro-neurogenic compound exhibiting anti-inflammatory indications could impart long-term neurocognitive benefits in the irradiated brain [29] . And these mechanisms require further study to better understand the mechanisms associated with radiation-induced cognitive impairment.
Factors Influencing Radiation-Related Cognitive Impairment
The level of radiation-related cognitive impairment is influenced by multiple factors, such as the patient's age and the irradiated brain region may be the most important factors [22] . There is a large body of data showing that age is a risk factor for side effects of RT [30] , and the effect on the developing adolescent brain is even more pronounced [31] . In addition, other studies have shown that exposure to different areas of the brain is not equally likely to cause the radiation-related cognitive impairment.
Cognitive impairment in patients with the bilateral hippocampal received RT is significantly worse than other brain regions, although the dose of radiation is the same [32] .
Not only the age and exposure area are important factors for radiation-related cognitive impairment, but the dose and time of exposure are also important factors for radiation induced brain injury. Studies have shown that the cognitive dysfunction caused by radiation is dose-dependent, and a single exposure of 20
Gy is enough to cause cognitive dysfunction [4] . There is no doubt that radiation damage caused by high doses of radiation, but accumulating evidence suggests that various degrees of cognitive deficit can develop after much lower doses of ionizing radiation, as well [21] . A recent study showed that the longer the exposure, the greater the degree of brain damage [33] . The study also found a significant role for gender in radiation-induced cognitive impairment. The results suggested that adult males are more prone to radiation-related cognitive impairment than adult females, but there is no significant difference between adolescent males and females [34] .
In addition to the above factors, therapy method is undoubtedly one of the important factors too. Recently studies have shown that the cognitive dysfunc- Clinical studies have also found that the cognitive impairment caused by particle therapy, which most commonly particle therapy, is much less than that caused by photon therapy (also known as X-ray therapy) [9] . As it is well-known that cognitive impairment termed chemobrain is a common neurotoxicity associated with chemotherapy treatment, affecting an estimated 78% of patients [36] .
Therefore, the cognitive impairment caused by combination therapy is significantly increased when compared with RT alone [37] . In addition to these common factors, some other factors are also involved in the occurrence of radiation-related cognitive impairment. For example, the number of temporal cerebral microbleeds is also an independently associated with increased likelihood of cognitive dysfunction in patients with radiation-induced brain necrosis [38] . We also found that epigenetic mechanisms were a critical factor to radiation-related cognitive impairment, particularly for DNA methylation and histone modifications [39] . There are more and more evidences indicated that radiation-related cognitive impairment is caused by the synergistic effect of multiple influencing factors.
Protect Radiation-Related Cognitive Impairment
The study of the mechanism of radiation-related cognitive impairment is still not sure, and its potential interventions may be very complex. Previous evidences have shown that some potential methods can effectively reduce the occurrence of radiation damage. Stem cell transplantation is one of effective technique, some studies have shown that transplanting human stem cells into irradiated brains can solve the cognitive impairment caused by radiation [40] [41].
Perhaps in the near future, human stem cell transplantation will become an important measure to treat radiation-related cognitive dysfunction. Another study showed that oral administration of a pro-neurogenic compound exhibiting anti-inflammatory indications could impart long-term neurocognitive benefits in the irradiated brain, and then can reduce radiation damage [29] .
It is well known that AT1R block can reduce the inflammatory response after cerebral ischemia and reduce the injury after cerebral ischemia [10] . Therefore, brain RAS inhibitors are attractive candidates for the treatment of radiation-induced normal tissue damage. Experiments have shown that treatment with RAS inhibitors, such as l-158,809, prevents or improves progressive cognitive impairment long after the completion of radiotherapy before, during, and after fractional whole-brain irradiation [42] . In addition to RAS inhibitors, studies have also found that the use of peroxisomal proliferation-activated receptor (PPAR) agonists such as pioglitazone before, during, and 4 weeks after treatment can prevent cognitive impairment [6] .
In addition to these measures, studies have found that lithium treatment could ameliorate irradiation-induced so called late effects, such as cognitive decline and endocrine dysfunction, by preventing cell death and promoting regenera- [30] . The application of electroacupuncture immediately after brain irradiation can prevent the cognitive impairment caused by early radiotherapy, which is also a new way to prevent or improve the cognitive impairment of brain tumor patients requiring radiotherapy [6] . Others, such as targeting CCR 2 signals, may provide an effective way to reduce or prevent the incidence and severity of severe side effects such as ionizing radiation [43] .
Although there are many methods to reduce the cognitive impairment caused by radiotherapy, specific measures that can be used in clinical practice are still very rare, and further advanced research is expected.
Summary
All in all, there are plenty of evidence on radiation-related cognitive impairment when all kinds of brain cancer patients following radiotherapy. Recently, the cognitive dysfunction related to RT has become an important factor to affect the long-term quality of life of brain cancer patients. RT related cognitive dysfunction has been widely concerned, but relatively few studies have been conducted on its specific mechanism. Although studies have shown that potential therapeutic interventions can effectively prevent/mitigate radiotherapy injuries, there are few specific clinical applications. We hope that there are more and more relevant research evidence in the future, and that radiation-related cognitive impairment in these patients can be found earlier, so that these patients' quality of life may be improved.
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